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ABSTRACT
Estuaries provide a nursery zround for developlag penaeid shrimp,
but the food scurces utilized and the patterns of feeding emploved by
these animals while occcupying this habitat are ncot known. Laboratory
feeding experiments were conducted to 1avestigate the herbivory

potential of postlarval brown shrimp (Penaeus aztecus Ives) inhabiting

a Spartina alterniflora Loisel salt marsh. Plant materials fed to

shrimp included Skeletonema costatum (Greville) Cleve, Isochrvsis so.,

Spartina detritus, and Spartina epiphytes. Growth and survivorship

wvere assessed in 16 treatments derived from all possible combinat:ions

of the four materials. After 16 days the greatest increases ia length

—.

and weight occurred 1n those treatments containing Skeletonema costatum

(Skeletonema Group) followed by Spartina epiphytes exclusive of the

presence of Skeletonema (Epiphvte Group). Shrimp growth did not occur

in beakers with (1) no food, (2) Isochrysis sp. or Spartina detritus

alone or (3) Isochrvsis and detritus 1n combination (Isochrysis—

Detritus—Ho Food Group). Survivorship and growth were significently

higher in the Skeletonema and Epiphyte Groups compared to Che

Isochrvsis-Detritus-lc Food Group.

-

Carbon assimilation was monltored at 4-day intervals witn stasole

-

carbon isotopes (delta C~13) for shrimp reared on single food sources
or a combination of all foods. Assimilation corresponded well to
growth 1n those treatments where the greatest i1ncreases 1n weljht

occurred, most rapid carbon turnover in shrimp fed Skeletonems: or all

111



foods, and indicated that the half-1life of tissue carbon was reached
before the first doubling of weight. Food preferences were assessed

with those materials which promoted growth (i.e. Skeletonema and

epiphytes). There were nc differences in cbserved prererence patterns
between day and night trials. Although there was no preference for

Skeletonema and epiphytes together compared to epiphytes alote,

selection for both of these materials was greater than for Sxkeletonema

alone.
The results of this study indicated that (1) diatoms, such as

Skeletonema, as well as epiphytes of Spartima, are potential sources of

nutrition for postlarval

P, aztecus in Spartina marshes, (i1) delta
C-13 analysis 1s a useful tool for identifying assimilable Ioods, (111)
plants in the marsh may be more important for metabclic mailntenance
than for growth, and (iv) postlarval brown shrimp may nave a primary
preference for substrate which 1s not directly related to apparent

plant food value.
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CHAPTER |

EACKGROUND



Salt marshes are generally considered to be zreas of comparatively

low macrofaunal diversity where monospecific stands of vascular plants
often predominate (Wiegart and Pomercy, 1981). Altheough primary
production, in the form of marsh grasses and benthic and epiphytic
algae, 1s usuzlly higher than in terrestrial communities (Blum, 1968;
Keefe, 1972), these plants are not thought to provide enough niche
variety to support higher order trophic schemes (Wiegart and Pomeroy,
1981). Additiomally, few macrofaunal species are considered to De
specialized for feeding on the much smaller algal cells prevalent in
the salt marsh (Wiegart and Pomeroy, 198l). Despite these possible

food limitations, many species of fish and shellfish seascnally utily

LN
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salt marshes as nurseries for their developing larvae, postlarvae, an
juveniles (Weinstein, 1979). To fully understand the capacity of the
salt marsh to periodically harbor large numbers of transient
macrofaunal species and the interactions wﬁich occur oDetween

individuals, both permanent residents and migrents, it 1s 1mportant to

-1
¥
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obtain a thorough knowledge of the resources consumed &Nnc paltarus o
feeding employed by animals occupying this habiltat

Penacus aztecus Ives (brown or grooved shrimp), 1s a common

crustacean of the upper Texas coast which utillzes the estuarine
nursery grounds, both szlt marshes and secagrasses, during the

post larval and juvenile stages of its life-cycle (Pearson, 1939
Willilams, 195%). Previous fiecld studies cenducted in these habitats

in an effort to identify the resources counsumed and nutritronally



valuable, indicated that penaeid shrimp ingested many forms of plant
material (Jones, 1973; Brisson and Pace, 19?8; George, 19706; Chong and

Sasekumar, 1981; Hughes and Sherr, 1983; Kitting et al., 1984). Jeones

(1973) suuzcested that young juvernile (25-50 nm) 2. aztecus were

omniverous consuming bacteria, algae, Spartina detritus, and live

animals. Other researchers, such as Condrey et al. (1972}, cdetermlned

that benthic algal and detrital microblal communities on dead Spartlna

were the most likely focd sources. In addition to these plant
materials, diatoms were alsc commen in the diet of postlarval and
juvenile penaeids (Jones, 1973; George, 1978; Chong and Sasekumar,
1981). Recent stﬁdies using delta C—-13 analysis indicatecd that

epiphytic algae on seagrass blades (Kitting, et al., 1934) and

phytoplankton {Hughes and Sherr, 1983) were important food sources for

P. aztecus. These conclusions have been further supported by an

increasing body of literature which has placed more emphasis on the
role of algae as a food source in marsh and seagrass habitats (Fry and
Parker, 1979; Fry, 1984).

Althouch the results of these past field studies i1mplicated that
plants are important dietary components for postlarval and juvenile
penaeid shrimp, the percent contributions of these materials 1in tae
diet were not determined. Gut analysis was not an zccurate indicator
because a large percentage (up to 50%) of the food particles were orten
well digested and unidentifiable (Jones, 1973; George, 12/9; Chong and

Sasekumar, 1981). Previous laboratory studies indicated that plunt



material is mutritionally valuable to penaeid shrimp (Williams, 1959;

Venkataramiah et al., 1975; Moriarty, 1976), however, the relative

contribution of this component tc growth, assimilation, and
survivorship was not invectigated. 1In addition, lev. ..Uy studles
using naturally available plant food scurces, such as green algae and

detritus, assumed that penaeid shrimp have no feeding preferences

o

(Zein-Eldin, 1963; Condrey et al., 1972; Brisson and Pace, 1973

Considering that marine algsze are species specific im their amlno acid

and sugar compositions (Fowden, 1954; Parsons gt al., 1961; Hecky et

‘al., 1973; Haug et al., 1976; Atkinson and Smith, 1983) and various

concentrations Gf-these substances differ in thelr ability to elicit a
feeding response in penaeid prawns (Hindley, 1975), this assumptlon may
be unjustified.

In this study, through a series of laboratory feeding exreriments,

{ investigated aspects of herbivory in postlarval Penaeus aztecus Ives.

Specifically, the ability of this species tc utilize diets comnsisting
of salt marsh plant materials was examined by addressing three

questlons:

gy

1) Can postlarval P. aztecus reared exclusively cn plant materials

N

representative of those present within the salt marsh survive and grow’

2) Do postlarval P. aztecus differentially assimilate among piant

food sources and do the npatcerns of assimilation correspend Lo Zrowii

3) What preferences, if anv, do postlarval P. aztecus exhiblt [or

-

—

plant materials and are preferences related Lo growth and assimilation®



In Chapter 2, I addressed the first question by monitoring growth

of postlarval brown shrimp fed plant foods singly and in combinations.

The plant materials fed to shrimp included Skeletonema €ostdtum

+

(Greville) Cleve, Isochrvsis sp., Spartina detritus, and eplpiytes cf

Ll IWEr R

Spartina. The results indicated that in some 1lnstances postlarvai P.

aztecus were able to survive for 16 days on diets consisting solely of

slant material. The most rapid growth occurred on the diatom

Skeletonema costatum followed by epiphytes of Spartina. NO synerglstic
or additive effects on growth were evident, suggesting elther
differential assimilation or preferential feeding, or some assoclation

between the two.

Assimilation rates and food preferences were iunvestigated in
Chapter 3. Patterns of assimilation were monitored by analvyzing shrim
tissues for changes 1in the ratio of lBCKlZE, whereas preferences were

assessed by providing the animals a free choice between those foods

which promoted growth (i.e., Skeletonema and epiphytes).

The results indicated that assimilation corresponded well €O
ecrowth in those treatments where the greatest increases in body welght

"o - ; - - g .
occurred (i.e., Skeletcnema alone and all Loods 1o compblned,. Since

the assimilation curves were nearly identlcal in Skeletouema anc

combination treatments, it was suggested that the shrimp were feedling
preferentially. Unexpectedly, preferences iid not correlate with
either assimilation or growth, but instead showed selection Lor

substrates unrelated to apparent plant food value.
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INTRCDUCTION

The general life-cycle of the brown shrimp, Penaeus 3ZTECUsS Ives,

has been well documented {(Pearson, 1939; Williams, 1955). This life-
cvcle includes offshore spawning, ocCeansl 1arval davo.opment, and
mieration into estuaries as post larvae. Following rapid growth in the
estuary, shrimp return to offshore areas as subacults. While estuaries
presumably provide nursery conditions for developing post larvat
penaeids (Williams, 1959; Guuter, 1661: Weinstein, 1979), the specific
contributions of estuarine habitats are not known. One important
function, however, may be the provision of abundant and necessary food
resources not reé&ily available in ofishore areas.

Along the eastern seaboard and Gulf coast, salt marshes are

dominated by the smooth cordgrass, Spartina alternifloxa Loisel

(Chapman, 1960). These marshes produce an abundance of detritus {(0dum
and de la Cruz, 1967), but its direct importance to the nutrition of
penaeid shrimp has not been establisbed. In some studies the

nutritional value of plant detritus and its assoclated mICrCOrganisms

go

has been implied by the presence of this plant-microbe complex 1n sut

0o

contents (Jones, 1973; George, 1978; Chong and Sasekunar, 1981). Cther
studies have cast doubt on the nutriticnal value of plant derived
detritus because: 1) other plant and animal wmaterials are otiten

abundant in shrimp guts {Moriarty and Barclay, 1¢81), 2) high

il —

concentrations of P. aztecus have been found 1n areas where detritdl

production from photosynthetic sources 13 low Weinstein, 19793, and 3



marsh associated algae may be eaten and bpetter assimilated by penaeirds

(Hughes and Sherr, 1983). The role of pfants in the nutrition of

shrimp associated with the Spartina habitat has received little
irrention. Field studies Fove indicated that penaeid shrimp not only
consume plant detritus (Jones, 1973; George, 1678; Chong and Sasekumar,

J

Cr>

1981), but also benthic algae (Jomes, 1973; Brisson and Paca, 197

Huches and Sherr, 1983), epiphytic algae on plants (Kitting et al.,
1984), and planktonic algae (Hughes and Sherr, 1983). TLaboratory
studies have shown that juvenile penaeids readily feed on various algae
including diatoms (Williams, 1956, 1953; Zein-Eldin, 1963; Rickards,

1971; Condrey et“él., 1972; Venkataramiah et al., 1975; Brisson andg

Pace, 1978), and digest and assimilate plant cell walls (Moriarty,
1976). 1In addition, maximum growth rates have usually Dbeen attained
when combinations of plant and either live (Williams, 1938) or deac

(Venkataramiah et al., 1975) animal material have been fed toO shrimp.

The presence of vegetable matter in the diet of shrimp has been
sugzested to be essential for high survivorship and efficient eneryg

conversion of protein sources (Venkataramizh et al., 1975).

Rased on recent studies demonstrating a strong positive
correlation between juvenile shrimp densities and Lihe presence of 5.

alterniflora habitat (Zimmerman et al., 19834), I hypothesized that

alegae and plant detritus associated with Spartina might be Lmportant 10

L |
Tr

stimulating erowth in developing shrimp. Althousgh this stud

investigated only the petential for plant materials to promate crewlh



and survivorship of P. aztecus, I recognize that postlarval penaeid

shrimp are probably omnivorous. Research on field populations has
indicated a diet consisting of plant and animal sources, but due LO the
inefficiencies of zut analysis has not determinea the relative

importance of each of these components 1in terms cf crowth and

T
r—
ju
T

survivorship (Jonmes, 1973). By taking brown shrimp postlarvae Irom
field and rearing these animals on representative salt wmarsh nlant

materials, this study represented a first step 1in determining the

contribution of these food sources to the nutrition of P. aztecus,

METHODS AND MATERIALS

- L am]

All P. aztecus postlarvae were capturec using a hand-towed Deam

trawl (Renfro, 1963) either on the front Ttescn or at one of two passes
on either end of Galveston Island, Texas. Brown shrimp postlarvae
migrating from open coastal waters through the passes averaged 10-12 om
(rostrum—telson) in lemgth. Postlarvae were taken toO the labcratory,
identified accordine to Ringo and Zamora (1968) and starved for not
less than 12 h nor wmore than 94 h before initiation ol tihe experiments.
Four sources of plant material, representative or benthic,
epiphytic, and planktonlc species present within the salt marsn, were

used in the experiments: Spartina detritus, eplphytes o Shartina,

Ske letonema costatum, and Isochrysis sp. The epipaytle and detrical

materials were collected from a Snartina warsh located in Galveston

-
P

Island Scate Park on the West 3av side of Calveston Lsland. & comp le,
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termed Spartina detritus, of decaying vascular plant fragments and

Aphanothece stagnina (Spreng.) A. Br. (a gelatinous colonial blue-green

alea) was collected by straining the top 5 c¢m of sediment from within

ully scraped

Ft,

Spartina stands through.a.ZSO;pm.sieve. Material care

L

with a scalpel from Spartina stems was referred teo as epiphytes. These

epiphytes consisted of many species cf green algae, blue—green algae,

and colonial diatoms. Common specles of each present were Ulothrix

flacca (Dillw.) Thur. and U. subflaccida Wille, Oscillatoria curviceps

Ag. ex Gomont, and Nitzschia clausterium (Ehr.) Wm. Smith,
respectively. After removal of uisible'macrafauna,e1r£icfaunal
component (predominately nematodes) remained in treatments wiid
detritus and epiphytes (Table 1). Preliminary experiments indicated

that postlarval P. aztecus, residing for , days in bDeakers contalning

detritus, feed on these meiofauna (Detritﬁs, mean=27.> worms/sample,
n=10; Detritus + Shrimp, nean=9.8 worms/sample, n=10; F=21.39,
d.f.=1,18, PE<0.01). To recduce the confcunding efiects ol anima l
contaminants (Table 1), detritus and epiphyte treatmenis were subjected
to a two-step procedure which included (1) thoroughly washing the
samples with filtered sea water aud (2) allowinz bacterila Lo cecompose

any remalning nematodes by keeplng tue samples undlsturbed for a

.

h. Skeletonema (a pleanktonic diat ~) and Iscchrvsisg (a

D

minizium of &

flazellated green alga) treatments were available frowm alwal cultures

virtually free of contamination excapt for infrequent dinoflagellates.
i o

Thug, differences 1n growth and surv Lvorshlp bebween tréeatments were
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attributed to the ingestion of plant materials and thelr assoclated
bacteria and fungi.

To prevent cannibalism, postlarvae were reared individually 1n 250
ml beakers filled with sea water. Initial lengths and weilghts were not
significantly different between treatments (One-Way ANOVA; F=1.0,
d.f.=15,144, P=0.34 for length; F=1.12, da.f.=15,1&4, P=C.11 tor
weight). Growth and survivorship were assessed Ior 16 cays 1in 16
treatments, including all possible combinaticns of the four plant
sources and a no food treatment. Preliminary experiments ilndicated
that 16 days was the maximum time perlod that individuals could sﬁrvive
without zddition of food. Each treatment was comprised or 10U
individually contained shrimp (replicates). The foods were presented

to the shrimp in concentrations exceeding that which the postlarvae

could consume in a 4-day period. In treatments with Spartina eplphytes

L ]

and Spartina detritus, shrimp were placed with 0.5 ml of plant material

1n 250 wl of filtered (5jpmJ seq water. For Skeletonema and

Isochrysis, initial densities in each 250 ml replicate were

. 3 . | _
approxilmately 5x10- cells/ml. Plant materials were replaced anc

beakers thorouchly cleaned every & days to prevent depletion ¢ rood

resources and microfloral contamination. Opne-half of the water in each

beaker was exchanged every two days between plant replacements. Daily

T
[ T3

observations verified that all food sources were abuundant during ciae

entire 16 days. To maintain the treatments contalnifng S<g LeLONEnd,

Isochrysis, and Sparbina epiphytes, 0.5 ml of 2% F/2 aleae aodila
y b, ) 5
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(Guillard, 1975) was added initially and at each plant replacement.
Preliminary experiments conducted for 16 cays indicated that addition
of F/2 algae media had no effect on elther crowth or survival of tne
post larvae. Comparisons between shrimp 1in the presence and absence of
algae media found no significant differences in initial and final
lengths (F=1.75, d.£.=1,40, P>0.05) and welghts (F=2.01, d.£.=1,40,
P>0.05), or number of days survived (Mann-Whitney U-test, U =437,

S
ni1=25, ny=25, P>»0.05).

Shrimp were subjected to a l2-h light/12-h dark photoperiod, anc
salinity and temperature were malntalned at 25 +1 ppt and 25 #l °C to
promote optimal growth (Zein~-Eldin, 1963; Zein-Eldin and Aldrich, 1965;
and Zein—-Eldin and Griffith, 1966). To reduce evaporation and prevent
shrimp from escaping the beakers, a thin zolyethylene cover (plastic
wrap) was placed on the surface of the watér. Dissolved O, Was
monitored every other day using a YSI Model 51B oxygen meter, between

000 and 1200 h by sampling 12 beakers (3 representatives eacn fromw

Skeletonema, Isochrysis, detritus, and epiphytesi. Oxygen

concentration in the beakers was never less than 5> ppm and 1t most
cases was maintained between 8-10 ppm due to photosynthesis. This was
comparable to levels found in the field (ranze = 5.8-9.0 ppwm) for
samples taken at similar times of day over 1o days.

At 4-day intervals lengths and weights were detaerminec LY

—

measuring i1ndividual live shrimp (rostrumn—telson) under o dissectin

microscope to the nearest 0.1 nm, hlotting dry, and then welyhilng on d
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nicrobalance to the mearest 0.2 my. Earlier experiments utilizing the
same protocol demonstrated that little, if any, mortality was cue to
the measuring and welghlng procedure. Observations on mortality were
taken every other day.

After 16 days, changes in lengths and weights were tested Ior

normality (SAS Institute Inc., 1982) and homogeneity of variances

(Fmax_t55t5 Sokal and Rohl?f, 1969). Since significant departures
occurred in both cases, all growth data were transformed by loglo(x+3)
prior to analysis of varlance. Hhowever, data are presented as ahtilogs
in tables and figures to facilitate interpretation. Changes 1in lengths
and weights for all individuals, regardless of days ¢f survival, were
subjected to one-way analysis of variance (ANGVA). If an ALOVA was
significant, a Duncan’s multiple range test was used to indicate which
means were different. Similar analyses we%e also conducted using data
only from those animals which survived €O 16 days. Survivorship,
defined as the number of days an indivicual was observed to be alive,
wazs anlyzed by non-parametric methods. The results of the growth

analyses dictated the data grouplngs used in the statistical tests ol

survivorship.
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RESULTS

Observations

In those beakers containing plant material, shrimp moved to the
Lottom and began active feeding ilwmedlateliy. Lvidence that 3ll feoods
were fed upon was indicated by full guts 1n all post larvae durlng the

entire experimental period, with the exception of the no food

treatment. Where substrate was available (i.e. treatments containing

Spartina epiphytes or detritus) postlarvae were usually founc on or
burrowed among the plant material. In all other beakers the shrim
were more often observed swimming in the water column.

Crowth

At the end of the 16-day experiment changes in lengths and welghts

among all individuals were significantly different between Lreatments

(One-way ANOVA; F=21.CC, d.f.=15,144, P<0.001 for length; F=106.2Z1,

{8

d.f.=15,144, P<0.001 for weight). Cocmparisons Dby the Duncan’s multiple
range test ($=0.05), indicated that growth increases were greater 1n

treatments containing Skeletconema anc epilphytes than thcse contalning

no food or ILsochrysis and detritus, alone or inm comblmation. Changes

in lengths and weights for those shrimp surv.ving to l& days were alsc

}
}
7

significantly different (One-way ANOVA; F=10.,75, d.£.=11,06, P<0.0Q0.

for length; F=10.45, d4.f£.=11,00, p<¢(.000) for weight). A posteriorl

L

e
&
)

comparisons indicated significant differences bDelween treatment

ke letonema, alone and in combilnation, und Spartina eplpuvies 1n L

-~

absence of Skeletonema (& =0.05, Duncan’s xultiple ranpe Cest).




Therefore, the combined results revealed three distinct groups in coth
lenpth and weight analyses (Table 2). Crowth of the shrimp within cach

croup was dependent on a principal food source (1.e., Skeletonenasa

- 4= L

costatum or Snartina cpiphytes). The greatest LRCredses 1n lengtn and

welght were attained in Skeletonema costatum rreatments (Skeletonema

Group) followed by treztments containing Sparcina epiphytes without

Skeletonema (Epiphyte Group) (Table 3). Essentially no change occurred

among shrimp 1n Isochrysis sp.. Spartina detritus, or no food

(Isochrysis-Detritus—No Food Group) treatments (Tacle 3). These
results suggested that the presence of certain plant materials did not
have additive or synergistic effects on growtc.

Growth of postlarvae in the Skeletonema and Esiphvte Groups

sccelerated after the first four days (Figs. 1 and 2). During the

initial period postlarvae 1in Skelefonema treitmenls sIeW at a rate of

0.03 mm/day and 0.2 mg/day (a=74), and individuais 1n eciphyte
treatments increased at a rate cf <G.01 mm/day anc 0.C5 mz/day (n=33).

Following this initial interval, growth rates increased to .15 mm/day

and 0.5 mg/day (n=67) for Skeletcnema GLIoup tadividuals and 0.06 wmw/day

and 0.2 mg/day (n=31)

k-

or Epiphvtse Group indilviduals. Shrimp wnn the

ttj

Isochrysis-Detritus—iio Food Group exhibited neither signiiflcan

1 - -~

Cncreases nor decreases in both length and welght durlng the course of
the experiment (Figs. 1 and 2Z).
Ll was

The pattern of change-in-welght vaersus change—10— Len

5 imilar between the Skeletovaena and Epiphyte Grougs, wlith weyrgit

o
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increasing faster than length. Weight increased an average of 4.4

times faster than length in the Skeleto..ra Group and 5.0 times faster

"

in the Epiphyte Group. In addition to length and weight 1increases,

molibing occurred. HEruviae were cecasiohasr iy sound 1n SX

-’

! .
letonemz and

10

epiphyte treatments, but were rapldly consumed thus restricting
monitoring of molting frequencies. Exuviae were also present 1n

Isochrysis and Sparting detritus trealments throuchout the course of

the experiments indicating that growth and ecdysis may not be strictly

related. Individuals in the Isochrysis-Detritus—Noc Food Group

frequently had soft exoskeletons.

Survivorshilp

To test whether survivorship paralleled growth, the mean number of

davs surviving was compared amoung the Skeletonema, Epiphyte, and
)

Isochrvsis-Detritus—No Food Groups (Fig. 3). All individuals were

ranked according to the number of days survived. Significartt
differences in overall survivorship were found among the three groups
(Kruskal-Wallis Test, X 2=33.2&, d.f.=2, n=1860, P<0.000L). Mo

significant difference in survivorship, however, was found between the

veletonema and Epiphyte Groups (Wilcoxon Z-Sample Test, z=—-0.5317,
p=0.60). Therefore, survivcrship was significantly higher in the

Ske letonema and Epiphyte Groups as compared to the Isochrysis—Detritus-—

o Tood Group.

Survivorship after 16 days smong treatments in the Skeletonema and -

Epiphyte Groups was €04 to 10CL (Table 2) with mean days survived
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ranging from 10.6 to 16.0 (Fig. 3). 0©f mortalities which occurred 1in

the Skeletonema and Epiphyte Groups, many (41%) cccurred within the

first four days. Deaths during this initial period were probably
caused from injuries or strecs resulfing from netting, Transporilng,

and handling. Survivorship in the Isochrysis-Detritus-—lo Food Group

was 0% to 40% (Table 2) and mean days survived was 7.4 to 13.6 (Fig.
3).

Comparisons of mean number of days surviving among trealments
containing only single food sources resulted 1n hignly significant

differences {(Kruskal-Walluis Test,xz=18.99, d.f.=3, P<0.005). However,

excluding Isochrysis and testing for differences between Sxkeletonena,

epiphytes, and detritus resulted in non sicnificance (Kruskal~-Wallzis
Test, x2=3.09, d.f£.=2, P>0.10). This indicated that detritus, even

without promoting growth, provided the shrimp with autrients which

extended survivorship beyond the level obtained on Tsochrvysis.

DISCUSSION
These experiments indicated that in some instances postlarval
brown shrimp were able to survive and wmaintaln a pcsitive rate ol

ecrowth for 16 days on diets consisting exclusively of plant material.

k1,

That diatoms contribute to the natural diet ¢l postlarval strlmp was

supported by the ipcreases 1n length and weisht obtalned on Skeletonend

costatum. The high survivorship and positive growth rates associated

with the Spartina epiphytes diet indicated, as suggested oy Condrey ab
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al. (1972), that this fcod may be more cutriticnally impecrtant than

o ]

previously thought. Spartina detritus, the nutritional value of which

has been questioned (Jones, 1973; George, 1978: Weilnstein, 1979; Chong
& Saskemur, 1981; Moriarty & Barclay, 1681), ¢id not promote growth of
postlarvae. Overall these results may have substantial relevance

considering the abundances and availability ol algae as fcod 1n

Spartina marshes (Blum, 1963; Lowe & Cox, 1978; Pomercy et al., 1981),

and the evidence that P. aztecus consumes these food sources naturally

(Jones, 1973; Kitting et al. 19384).

Although lemgth and welght 1ncreases were more ranpid 1n

Skeletonema than in epiphytes, the overall growtn patterns in the two

rreatments were the same. Diatoms were present 1n DCLh (reatments
lending further support to the hypothesis thatl diatoms are lmporteant 1mn

the matural diet of postlarval shrimp. Skelelfonema is a chain-forming

T

nlanktonic diatom while many of the 2lgae that comprise the eplphyte
assemblage are branching cclonial forms. This hycothesis was furthber

u + " 1 L b
wnich showed rapid

L/a

supported by preliminary field caging experiment
crowth and high survivorship of shirimp in treatments which inc Luded
1 * = - ’ - * ™
diatom rich phytoplankton (Wellimgton & Gleason, in prep./.

Field studies have reported growth rates of spproximately L4

nm/day (reviewed by Knudsen gt a.i., 1977) while the maxilmum growth rate

schieved with Skeletonema in this study was C.12 am/day. lowever,

since animal material was not Lncluded 1n oux exnerimencel diets and
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individuals, this was not an appropriate comparison. In addition,
laboratory studies using animal diets have found growth of bost larvae
to be slow initially, followed by more rapid 1ncredses (Zein-Eldin,
1963: Zein-Eldin & Griffith, 1966; Fry & Arnold, 1982). The abrlity of
shrimp to survive and grow on plarnt diets indlcated that these
materials can provide a maintenance diet during pericds when otaoer

foods needed for rapid growth are not avallable. This strategy, Cf

switching to feed on the dominant plant or animal components, has been

found to occur in the planktonic copepod Calznus pacificus (Larndry,

L

1981). If this flexible feeding mode occurs with postlarval Drown
shrimp, it could provice a distinct advantage in 1ncreased

survivorship.

5

It is unlikely that P. aztecus is a strict herblvore beczuse the

growth rates measured in the present study were substantially lower
then those reported in previous laboratory studires where rost larval

shrimp were fed Artemia (Zein-Eldin, 1963; Zein-Eldin & Grifiith, 19663

Fry & &rnold, 1982). Plant detritus may still coutripute to nutrition
indirect 1y through postlarval feeding on detritivores such as nematodes
and polychzetes. This was supported by prelimlnary experiments wilch

indicated significant reductions 1ln nengtoce densitles when snrimd werg

U
{1
H -
.
)
o
rt

present in detritus treatments (see methodsj. While shrim

-
-

survive on Spartina detritus, other types ¢l det

r
-
r
-
U

v
£
o
",
(L

nutritionally useful. For example, detritivores suci as toe

polychaete, Capitella capitata, and nematodce, Ninlolaimella chitbwoocl,




assimilate seagrass and algal detritus to a greater cegree than

Snartina detritus (Findlay, 1982; Findlay & Tenore, 1982).

Molting without growth cccurred in detritus and Isochrysis, out

was absent in no food treatments. Although moluing 1n crustac2ans 1S
cenerally associated with an increase in body volume (Russell-Bunter,
1979), no increases 1n elther length or weloht were detected 1n these
treatments. Apparently the stimulil which triggered ecdysis were
unrelated to growtin.

Neither additive nor synergistic effects occurred when postlarvae
were provided with combimations of foocds. This su2zests elther
preferential feeding, differential assimilation, Or sSowme sssociaticon
between the two. Accordingly, the data imply the Zollowing preference-

assimilation hierarchy: Skeletonema costatum > fpartina epliphytes ~

1 ]

Spartina detritus = Isochrysis sp. However, this hlerarchy wmay not

result from preferences and assimlilation alone, dut may also involve
foraging times and ingestlion rates. Experiments, cescribed in Chapter
3, test this hypothesis by monitoring feeding preferences and assessing

+

assimilation rates. Assuming that the foraging times and 1ngestion

rates are the same for all individuals, then differential assimllation

1s expected.

In some instances postlarval brown shrimp survived and achievec

srowth on plant sources indicating possible plant contriputions 1o the

ol

natural diet. Perhaps alyal epiphytes cn snartina, especially tac

colenial diatoms, as suggested by Condrey ot al. (1972)

T X

, and planktonic




diatoms such as Skeletonema, are important nutritional resources for

brown shrimp in marsh ecosystems. Recent field sampling has found

Skeletonema to be one of the dominant algal specles 1n Galveston

marshes with densities up to 10G0 cells/ml not uncommon (S.R.

Indelicato, pers. com.). Spartina detritus, and 1its associated

epibenthic blue-green algae, however, appear LO srovide little or no
direct benefits to orowth. Preliminary experiments 1indicated that the

resistant celatinous outer coat in one specles of benthic blue-green

algae present in the detrital community, Aphanothece stagnlna, prevents

the postlarvae from successfuly cenetrating and feeding on this plant.
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TABLE 1

Macrofaunal and meiofaunal abundances in random samples of epichytic and
detrital material before and after being thoroughly washed with filtered
(5 pm) seawater. Values represent means with one standard error of the
mean in parentheses. One sample equals 1 ml of plant material. The plant
materials remaining after processing were used 1n the feeding experiments.

___-ﬂ“—#u—'—_ﬂ_—_-'_'lﬂH_‘——_#—_‘—H“"—_H_—_—m-“#—-#_—ﬁ-——“—— ——!ﬂ-—ﬂiﬂ-—-ﬂ-ﬂ-_—ﬂ_—--ﬂ————‘

Oligochaetes &

¢ Mematcdes Polychaetes Copepods
Before Processing:
Spartina Epiphytes & 157.5 (16.4) 0.3 (C.3) 3.3 (1.0C)
Spartinag Detritus 4 78.0 (4.5) 4.0 (1.0) 3.6 (1.1)
After Processing:
Spartina Epiphytes & 3.0 (0.8) 0.0 (0.C) G.3 (C.3)
Spartina Detritus 4 2.3 (0.5) 0.3 (0.3) 0.C (0.3

_ﬂﬁ—_——_———ﬂ——--———-————-I_—-_-———-—-—_ﬁ_—ﬂ“—_—-_——ﬂ--—--ll-——-ﬂ_—'_———-ﬁ-‘—_—-ﬂ*-_——*”_ﬁ———ﬁ



TABLE 2

Growth of postlarval Penaeus 3zLecClS reared 16 days on various plant
naterials. Values represent means with one standard error of the mean 1n
parentheses. lu 211 treatments initial »=10. vipal lengtns aud weighis
between the three groups were significantly different by Duncans lultiple
Range Test (eX=0.05). Skel=Skeletonema costalum, Iso=1lsochrysis sp.,
Epi=Spartina epiphytes, Det=Spartina detritus.

-ﬂ#—-—-“——#—#__H__——“_-#_“_—_-—_ﬂ_—“_-_—.—-___—_ﬂ--—_ﬂ—ﬁ'ﬂ_—ﬂ—__ﬂ—‘_—*—#—_—__—__—

Final Percent ¥ean Length (mm) "ean Weight (mg)
Treatmernt i Survival Tnitial Final Initial Fina

—_————__ﬁ_————_——iﬂ-—-—-—--ﬁl——-—-r—#———l-i—-—H-l—i-l_—_--l-——_—#i—l————-—-l_——u———#—ﬂ_ﬁ_—ﬂ_*———_—_

Skeletonema Group

Skel, Iso,

Epl, Det 10 100 12.42 (.11) 14 .55 (.48) 7.8 (.2) 15.9 (.8)
Skel, Epi S 30 12.43 (.08) 14,64 (.13) 5.0 (.2) 16.0 (.6)
Skel, Epi, - |

Det 6 60 12.54 {.11) 14.63 (.53) g.2 (.20 l6.4 (1.8)
Skel, Det 7 70 12 .34 (.09) 14.29 (.30) 7.8 (.2) i4.6 (1.1)
Skel, Iso Q 90 12.56 (.10) 14.48 (.20) 3.6 (.3) 13.3 (.7)
Skel 4 G0 12.58 (.12) 14 .44 (L28) 5.5 (.3 15.3 (1.1)
Skel, 1so,

Epi 10 1CO 12.58 (.17) 14 .49 (.19) 8.5 (.3) 15.1 (.7)
Skel, Iso, :

Det 3 80  12.46 (.14) 14 .07 (.15 3.2 (.3) 13.6 (.5)

Qverall
Mean 8.4 34 12.51 (.04 14 .46 (.09) 8.2 (.1) 15.2 (.8)
Epiphyte Group
Epi, Iso 6 c0 12.51 (.08)  13.35 (.03) 8.1 (.2) 11.4 (.2)
Ep1 3 &0 12.83 (.17) 13.56 (.22) 9.0 (.&) 11.8 (.7
Epi, Iso,

Det 10 100 12.59 (.13 13.14 (.16) 8.3 (.3 10.8 (.4)

Epi, Det ] 70 12.65 (.15) 13.395 (.24) 3.7 (.4) 11.2 (.7,
Overall '
Mean 7.8 18 12.65 (.07) 13.36 (.09) §.5 (.2) 11.3 (.3)

Isochrysis-Detritus—llo Food Lroup
Iso 0 0O 12.22 (.16) (2 7.6 .4) 0
Det 4 40 12.39 (.16 12,54 (.08 3.5 (.3 7.7 0.0
Iso, Det 0 G 12.53 (.13) 0 S.4 (.3) 0
No Food 0 0 12.45 (.38) G 3.2 (.3) §

Overall

—"__#*——#*—#—M*H__#-——q-ll-l-l—-——-lil-tl-—-—l--l—-——.—li-n---ll--.—-—l-l.-l_-.-l..-p---—--—l---l——.-l-..——-l—-——I—I-l-H——*—#“#_—#_“H—__—*_*_——



TABPLE 3

Chances in lengths and weights and growth rates afrer 16 davs for vostlarval
Penaeus aztecus reared on plant diets. Values represent Weans with one
standard error of the mean in parentheses. See legend in Table 2 for group
designations.

———ﬂﬂ'——#———#“—-_--u—-—-il——--——I——-l-|-l|—-—-l-———-ﬂ-—-—i.-—_——*l—ﬂ-__-d—_—v-lﬂﬁ———Iu-l-———-—-il-l-l-—-I-—I—'--lﬂ——-ﬁ-—ﬁ—————ﬂ—

Final Change in Length (mm) Rate Change in Weizsht (mg) Rate

Group N (final - initial) we/day  (final - initial) mg/day
Skeletonena 67 1.95 (.07) 0.12 (.Cl) 7.0 (.3) 0.4 (.02)
Epiphyte 31 0.72 (.08) 0.05 (.01) 2.8 (.2) 0.2 (.01)

Isochrysis—
Detritus-—

m*ﬂ———#_ﬁ———--ﬂ-————-l--—b—-q-..—_——--—qq———i-q—-hInl-l--———-—q—d—l—!——---——---.-u-—l--lhhi.-——-—-l-——i-ll——-i-—l———-i-——-—-i——#—ﬂm———-——ﬁ
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Figure 1: Changes 1in length (Day x - initial) for posilarvai

Penaeus aztecus reared 16 days on plant diets. Comsecutive

neasurements were taken on all surviving indlviduals at b—-day

intervals. See Table II for group desipnations. DBars denote 954

confidence intervals.
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Figure 2: Changes 1n welght (Day x - Initial) for post larval

Penaeus aztecus reared 16 days on plant diets. Consecutilve welghts

were taken on all surviving individuals at 4-day intervals. See Table

IT for group designatioms. Bars demnote G5% confidence 1lntervals.
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Fizure 3: Days of survival for nost larval Peraeus azlecus exposed

to all possible combinations of four plant materials. The grouplngs

are based on the results of the growth analyses. lLieans: Skeletonen

Group = 14.2 + 0.6 s.e. (n=50), Epiphyte Group = 13.7 + 0.8 s.e.

(n=40),Isochrvsis—Detritus-EoIﬁﬂﬂi@roup==lG.Bj;Oiis.e.(n=%0).

Survivorship in the Skeletonemz and Epipbyte Groups was significantly

higher than in the Isochrysis-Detritus—ho Food Grouo (Kruskal-Walluis

Test and Wilcoxon 2-Sample Test). All bars represent means based on 10
individuals. Intervals, where appropriate, represent one standard

error of the mean. Skel = Skeletonema costatumn, Isc = IscchrvsisS SP.,

—

Epi = Spartina epiphytes, Det = Spartina detritus.
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CHAPTER 3

CALBON ASSIMILATION RATES AND FOOD PREFERENCES
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INTRODUCT LON
The criterion upon whlch ro evaluate the importance of potential
food sources is a complex problem. Optimal foragiang theory predicts
that tg attain an optimal digt, animals will maximlze thelr uwel ener{y
cain per unit foraging time (Emlen, 1960; MacArthur and Pianka, 196¢;
Pyke et al., 1977). It is assumed, thersfore, that orgznisms will
preferentially consume those foods with the highest caloric centent

(Emlen, 1966). As suggested by Palne and Vadas (1969), this may nct be

an accurate prediction of food value since some calorles may be present

e}
¥
l....i

as compounds which are indigestible tc the organism. Studiss relating

food preferences and caloric content have provided evidence both In
support of (Stein, 1977) and in ogpposition to (Paine and Vadas, 1969;
Carefoot, 1973; Vadas, 1977; lNicotri, 19¢0; Jensen, 1683) this general
hypothesis. Other factors, ilncluding precator avoldance (Steln and
Magnuson, 1976; Sih, 1980; Sih, 1982; Edwards, 1983) and maintenance of
a nutritiomally balanced diet (Belowvsky, 1978: Xitting, 1950; anc

others) may be as important as energy content.

Tn salt marshes, where plant origins are often obscurred by tne

-

detrital base (Haines, 1976;1977; Hackney and Haines, 1930) and direct
observations of feeding are rarely possible (Gleason, pers. obs.,
avaluations of food resource utililzation are conifcunded further.
ocont studies in marine ecosystems have uwsed delue C-13 cnalysis oo
investigate feeding and toeed webls (McCoanraughey and Hcokey, LY 79%a;

1979b: Kneib et al., 1980; Stephenson and Lyon, 19535 Lughes and Suoaerr,




1983 Rau et al., 1983; Fry, 1984). This technique 1s based on the

stable carbon isotope, 136, which zccounts fcr approzimately 1% of the
total carbon in the environment. An examinatlon of various
snotosynihetlc organisme indicares that cyimary producers vary 1n thelr
sbility to assimllate 13¢ guring photosynthesis (Swmith and Epsteln,
1971; 0’Leary, 1981). This variability results 1in ezch photosyntnetic
species being characterizec by a specific lBCleC ratio known as delta
C-13. Animals feeding directlv on plant sources assimllate tnils
carbon, without significantly altering the carbon isotoplc compoSLELion,
resulting in eventual equilibrium 1in the 136/12C ratLo between tne
animal tlssues aﬁﬁ the diet carbon (Deniro and Epstein, 1979; Balnes
and Montague, 1979). If a group of animals with a particular delta (-
13 value are fed an assimilable food source of significanbiy dizferent
value, the assimilation rates can be wonitored by periodically
cuantifying the 130/12¢ ratio in the animals te cetermine the tim
necessary for the tissue and diet carbon to equilibrate (Fry and
Arnold, 1982). The interval necessary for this chamge to occur 1s

subject to many variables including the type of tilssue analyzed

- " a — - ~ N b T - . _ T e on e e e (W -.....-‘ - -
(Tieszen et ol., 1983) and the ability of the organism (O assimilate
the diet carbon (Fry and Arnold, 1982). The advantoge or the celta U
13 methodology rests in 1ts ablility to provide d Taturi. Laoo. s

L M -

i many Lnstauces, ailows assimilarion to oo ayvaluaced diveci iy witflhioud
nrevious manlpulaticn of the carbon compesiticn 1i cither the [ood ot

Clle consumer.
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The life-cycle of postlarval Penaeus aztecus Ives includes

inmigration to estuaries from ofishore waters (Williams, 1%59; Gunter,
1961 Weinstein, 1979). This situation provides a unlque opportunity
to srudy the beneillis provided by petentizl food snurces, 10 rerms of
growth and assimilaticn, and the relationship between these variable
and food preferences. These shrimp must adapt their feeding behavior
as they switch from a planktonic exilstence to one of occupying shallow
marsh or seagrass habitats (Fry, l?Bl)f Field studies conducted 1im
these areas have indicated that venaeid shrimp consume plant detritus

(Jones, 1973; George, 1978; Chong and Sesekumar, 1681), benthic algae

(Jones, 1973; Brisson and Pace, 1978:; Hughes and Sherr, 19E3),

epiphytic algae on plants (Xitting et 2l., 1984), and planktenlc algze
(Hughes and Sherr, 19&3). liowever, the large amourts (up to 50%) of
unidentifiable debris normally found inm gut contents Ras prevented
accurate determinations of the percent composition of these fooc ltenms
in the diet (Jones, 1973; George, 1978; Chong and Sasekumar, 1981). 1In

Spartina alterniflora salt marshes, both laboratory (Giles and Zamora,

1573) and field (Zimmerman et al., 1984) studies have indicated thcet P

aztecus selects for vegetated areas. In addition, recent experiments

investigating herbivory have found that pestlarval 2. aziecus can

survive up to 16 days, and in some 1nstances grow on olant sources IIOW
L] . ’ 1 - - . - _ N ¢ v e B o aam H"'_ : - y . e
the marsh without augmentaticn ¢ animal preobeln (Chagpter 2., Llowoewv a7,

the rates at which these materials are assimiloted cnd “Helr r2l4atlons

o

1

to preferences have not beun evaluated.
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In the present study assimilation patterns, followed with the
delta C-13 technique, were compared to cilanges in weizht and feeding

preferences for postlarval P. aztecus reared om representative

salt marsh plant materials. Lo purpose was to more fully determine the

potential for postlarval E. agztecus Lo use salt marsh plants and to

further define the feecing patterns of this specles. Specifically, I
attempted to delineate whether preferences Ior slant foods exist in D,

il
——

aztecus, and 1f so, whether these preferences are basead solely on

crowth benefits and assimllation rates.

HMETHODS AND MATERIALS

Assimilation Experiments

1. Collection and Culture of Shrimp
Four types of representative salt marsh plant materials were used

For assimilation studies: Skeletonema cestatum (Greville) Cleve (a

™, ~ -
lagellated gZreen aiga/, pparting

Ffy

planktonic diatom), Isochrysis sp. (a

alterniflora detritus (decaving vascular plant tissue mixed with the

blue-green alga Aphancothece stagnina), and Spartina enlLpnyvtes

(consistine of many species of blue-green algae, green algae, and

- -

postlarvae, preparation of plant materials, and culturing of anwmals

1ssimilation was assessed 1n only 6 treatments (2% replicates per

treatnent); four comtaining a single feood source, one Wwlefh a moxisure of
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21l foods, and one with no food; b) at 4L-day intervals up to 16 days, 6
animals were removed, weizhed on a microbalance to the nearest 0.2 mg,
measured (rostrum—telson) under a dissecting scope to the nearest C.l
mm. and sacrificed for carbon LsolLope aundlysis.
2. Preparation of Tissue Samples

a. Shrimp

Material in the gut of the shrimp representec a nomassﬁnilable or

recently ingested carbon countaminant which may have had celta C-13
values distinctly different from that found in the tissues. Therefore,
after weighing andé measuring, individual postlarvae were placed 1n
beakers containiﬁg sea water until their intestinal tracts were voildad
(normally 3 to & hours). Shrimp were killea by freezing and storec at
-10° ¢ until further processing. Once thawed, shrimp were treated fer
5 minutes with dilute acid (5% phosphoric acid) to remove any remalnlng
carbonates (Haines and lontazue, 1979; Fry and Arrold, 19€2) and dried
at 6% C for a minimum of 48 hours. Dried animals were welghed cn <
microbalance to the nearest 0.2 mg and stored in a bell Jar dessicator
containing silica gel until removed for COy £aS preparation.

E. Plant llgterials

Samples of plant material were taken inirtially aud at G-day

g

intervals throuchout the experiment. Deakers ccntaining pilant
material, without shrimp, were used to controi for pessidle lsotopic

changes in the food sources over the s-day rntervals., oSzuorfind

detritus and Spartina epipavte samples were washod free of
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contaminating meiofauna by a procedure outlined previously {(Chapter 2),

while Skeletonema and Isochrysis samples were filtered ontonle/pm CGF/C
srade Whatman glass fiber filters. These filters had been precombusted
at 500° C for 2 h to eliminale any foreisn organic watter., ALl plant
samples were dried at 60° C for a minimum of 45 h and storec 1in a
dessicator as 1ndicated above.
3. Carbon Isotope Analysis
a) Preparation of COy

Combustion tubes 13.2 cm long were cut from 91.5 c¢m lengths of 9
nm diameter quartz or Vycor tubing and sealed off at cne end.
Approximately 90-100 mg of Cu0 and 20 mg of silver wool were added,
after which the tube and contents were baked at 550Y C f£or 1 hour to
remove organic contaninants (Sofer, 1%80). When ccol to the touch, one
plant or animal sample was added to each tube. Since whole Lody
analysis most accurately depicts the actual delta C-13 value 1in animals

(Denirc and Epstein, 1978), entire shrimp were prepared for combustion.

Spartina epiphyte, Spartina detritus, and shrimp samples were loaded

directly, while filter pads contalning Sxeletonemz OT 1s0CcATrysS1ls were

wrapped 1in 2 cm? copper foil to prevent fusion of the ziass f[iDers wilti

the quartz or Vycor. Tubes were attacned lndividually [0 & vacuun line
)

by means of an Ultra~Torr union, evacuated to <l0 = mbar and sealed

with an oxyyen—gas torch. Tissue samples within evacuatsd tudes were

combusted zt approximately 850% C for 1 hour. Though past researchcrs

have combusted samples at 550-590° C (Sofer, 1v3U; Schrovder, 1883,
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t al., 1984), 850% C was chosen because of recent

Fry, 1964; Kitting
reports indicating incomplete combusticn at the lower temperature

(Boutton et al., 1983).

After cooling tc room temperature, sealed tubes were lodded back
to bzck in 0.5 inch o.d. copper tubing closed at cne end with 2 0.5
inch Ultra-Torr cap. Up to 15 tubes were introcduced imte 2.0 m lengths
of copper pipe. Glass wool, placed between eaci tube, prevented
movement of the tubes and broken zlass. After loading, the copper pipe
was attached to a vacuum line by means of a 0.5 inch Ultra-Teorr union
-2

and evacuated to <10 ~har. Gases were released by crushing the pipe

with a pair of pliers in the areaz of the zlass tube. This modified

Y

tube cracking technique is faster and easier then previous metnods
(Desmarais and Hayes, 1976). Once releasad 1into the vacuum line, tue
cas was purified (Fig. 1). Water was removed by concensation in an
ethanol-dry ice trap, nitrogen and sulfur coxides were eliminated DY
passage over copper coills heated to 230° C, CO, was ccllected with
liquid nitrocgen, and any gases not condensed with nitrceen were pumped
away .
D. COE Ana l‘}FSiS

Purified CO, samples were anzlyzed with e Micromass bU0Z2C wmass

spectrometer at the Rice University Stable lsotore Faciiity. All

. } L B | H | 3 - - -'I . - ] ..-II ': 1" v - 1" - . * =™y '- b . " : - 1."'\. 'l" & e . i
carbon values were caleulated according Lo the gguaticon jLven OF LULl

(1953): \
SEPISE el _
C*7/C*~ sample — CH7/C77 staneard
Delta C~-13 in /oo ={ ———==-———-=mmmm i + 1CU0
clI7ets scandard



where the standard (referred to as PDE) 1s that ratic found 1n the

calecareous fossil Belemnitella americana of rhe Pee Dee formation of

South Carolina. Since this fossil is enriched 1n L3¢ relative to
biclogical tissues, the above formula normally results 1in negacive
delta C~13 values. The closer the value is to 0, the more enriched 1s
the szmple 1in 3¢, Preliminary analyses incicated that the ratio of

3 g, * - t * * L
1JC/l‘“C was relatively homogemcous in ground L1ssue from the salt marsh

plant Spartina alterniflora. Therefore, this material was usec &s a

working standard to locate variability in delta C-13 values cue Lo

machine error and CO, combusticn procedures. At least one Spartina
sample was analyzed on each day that the mass spectrometer was used.

Replicate analyses of expervrimental plants were also taken to cetect
carbon ratic variability within treatments.

Preference Experiments

Feeding preferences were assesed only with those materials which

had been previously found to promote growtn (1.e., Skelestonema costatum

and Spartina epiphytes) (Chapter 2). Postlarval P. aztecus were

captured in the surf zcne, brought nto the laberatory, and écclimated

§

{v

ornena and

T
-

for 4 days in beakers contailning a ccmbinatiocn of Skele

T
r

epiphytes. The exact comnditions of culture have be 1bed

r_i

n adaasc

v

previously {(Chapter 2).

Food preference experiments were conducted 1in GG w 15 mm petrl

dishes. Skeletonema andé epipiaytic plant materials were rizst SUSTURGCd

in sea water and then flltered onto 35 nm ALAMCEeT L ew /)um Shatman GF/C
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crade glass fiber filters. Each dish contained 3 pads (epiphytes

alone, Skeletonema alone, epiphytes and Skeletonema together),

presented to the shrimp in one of three possible orientations (Fig. 2).
A 2.5 cm length of 0.5 inch PVC pipe, placed 1n the center of each
vessel, served as a holding cylinder. Postlarvae were starved fcr 24 h
to 36 h pricr to initiationm of the experiments. Shrimp were adcec to
the cylinders in groups of 7. Previous observaticns indicated tnat
displacement from filter pads was not a ractor 1f 7 animals or less
were used. Shrimp were acclimated in the holding cylinders for
approximately 5 minutes anc then released by raising the cylinder.
Observations noting the position of each imdividual were recorded aftex
10 minutes and then every 5 minutes for a tctal of 30 minutes (3

"
¥

observations per replicate). Preliminary experlments showec Thal all
shrimp guts were full after 30 minutes. Preferences were wmonitcred 1n

10 replicates during the day and 10 at night, for a total of 140

}

shrimp. The salinity &and tenperatfure were malintalned 2t cons £

a

rT
"
il

levels of 25 +19 C and 25 +1%°/oo during all observations. Day
replicates were conducted between 1400 and 1900 heurs under Sylvania 40U
watt daylicht bulbs. Night observations were mode petween 21¢0U and

0200 hours with 60 watt Svivania red bulbs to simulate darxness.
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RESULTS

Growth

Growth patterns for the shrimp, displayed in Table 1 and Fig. 3,
were similar to chose fovpd previously (Chapter 2}, Changes in welght
(final weight - initial weilght) were significantly different among
frectments in those animals surviving to 16 days (Cne-way ANOVA,
F=49.13, d4.f.=3,33, P<0.001). Analysis by Durcan’s muitiple range test
(& =0.05) indicated three distinct groups. lNaximum Llncreases occurred

in Skeletonema and combination (all four materials together) treatments

followed by beakers containing Spartina eplphytes. Significant

increases in weight did not occur in animals fed fpartira detritus.

Althoush no shrimp remained alive for the entire 16 days in eirther tne

Isochrysis or no fcod treatments, increases 1n welght were not recorded

during the 12 days that animals were presgni (Fig. 3.

Assimilation

Variability in delta €-13 due to machine error and the (U,
combustion procedure was found to be well witlln the gereral ly excezted

limits. Analyses of ground Spartina tissue resulted 1n a stancard

error of only +0.02°/o0 (mean delta C-13 = -1l.24, n=19). The

absolute mean difference in delta C-13 values for replicate samples of

. C . o e 4 e A
plant materials within experimental treatments was Zound o ke C.10
+0.03% /00 (S.E., r=11). Cecmbining the variacilities cue Co tne entiie

procedure (i.e., machine error, CCj coxbustion, and plant tilssue

0.C5%/00.

el
_l

heterogenelty), resulted in a total standard error o



The delta C-13 values of the plant materials remained falrly
consistent during the experiment. The 13¢/12¢ ratios of the plant
aterials, measured at 4-day 1intervals, were not significantly

t o - - » . . f'_,..h L - A ~ — 1 d -
Aiftoroant wirnlil Lrealilencs whic™way Fﬂ'iﬂ‘.’fh, g 3;-_.1_, d*f.-'{f.-,lGJ P10

for Isochrysis; F=2.56, d.f.=4,19, P>0.05 for detritus; F=U.0

d.f.=4.,19, P>0.10 for epiphytes; F=0.79, d.7.=2,12, P>0.10 for

Skeletonema). Isochrvsis sp. was the most depleted 1in e while

Spartina detritus was the most enriched (Table 2). ke letoneme

costatum and Spartina epiphytes both had values midway between

Isochrysis and detritus znd could not be distingulshed Ifrom each other

cn the basis of carbon isotopic values alone (Table 2).

Assimilation corresponded to growth 1n those trealments where the
areatest increases in weight occurred (Tzble 3 and Fig. 4J.
Comparisons, by'the Mann—-Whitney U-test, between 1nitial ang final
shrimp delta C-13 values indicated that siznificant changes occurred

only in beakers containing Skeietonema (U,=40, ny=10, n,=4, P<L0.Cl) orc

211 plant materials (U_=40, n,=10, n,=4, P<<C.01). <Changes in all

S

other treatments were nonsignificant (US=3155, n1=10, n,=%, P>0.0> tfor

eplphytes; U, =305, ny=10, ny=4  P>0.10 for detritus; U =21.0, ny =10,

no=4, P>C.10 for Isechrysis; Ug=28., ny=10, ny=4, £>0.10 for no Lcod

Post larvae fed Skeletonema alome became approximately 19700 enriched

-

|
relative to thelr food source. Tols 120 apriciment commmenly occu
1 H = 1 N ~ '-1-; : r - ey T e _— he oy T : Sl B -
when food scurces are assimilated and is the result of

preferentially released during cespiration (Deniro and Epstein, lU7o).



A1l other individuals reared on single plant scurces, except those 1n

Isochrysis, remained depleted relative to the respective plant material

during the entire experiment.

Tenrhrvals rtreabtments.

-.l- -:_.r-l.-l-i"-. nﬁit.‘\i -r-"q..i'*n.*"" b !"'1 4 .
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Shrimp in Isochrysis were asproximately 1%/oo enriched relative to this

algae initially, and throughout the entire 12 days that animals

survived. Since growth and survival on Isochrysis followec closely

+hat obtained in no food treatments, assimilation was assumed to De

negliigible.

Comparisons of the delta C-13 values, at each of tne focur sempling

days, between shrimp in Skeletonema and mixXed treatments showed TG

significant differences (One-way ANOVA, P>>C.05 1n all cases).

Assimilation patterns represented as percent 1lncrease in web welgzntb as

-

a function of changes in delta C-13 (Fig. 5J, followec a power function

of the form y=a+bx®, where ¢ is the metabolic comnstant (Fry and Arrnold,

1982). Values for a,b, and ¢ were determined accerding to the

procedures of Fry and Arnold (1982). Briefly, ¢ was calculated by

linear recression (Sokal and Rohlf, 198%9), using transiormed variables,

(x,y) to {x%,y). The initial regressicn was conducted at ¢ egual to -!

and was followed by subsecuent ragressions at cecreasing lncrements ol
0.01 units for ¢ until the least residual sum of squares was found. AL

—_—
-

this point a and b were ailso at thelr bost f1L values. Power

functions, based on percent lacreascs »n wol welzhi, resulted 1n nearly

identical delta €-13 assimilation curves for shrimp reared Ln
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Skeletonema and combination treatments. Carbon from the diet appearea

to have been assimilated at approximately the same rate in both

treatments (Fie. 5). The metabolic constants (¢), displayed 1in Tatle

b

! F \ : . *. -7 R NS L ey s W oW  mom
4 L SOt 1635 o =) "'.'".‘Fff"t?i”!llg Uil LurLniove

- =~
el N

Jr el

-
L

~1lnce (Fry and

I

Arnold, 1982). Confidence limits (95%) fcr ¢ were calcﬁlated accocrdlng
to Silvert [1979; in Fry and ﬂrnold.(l982}]. The larze overlap 1in
these confidence limits indicated that the metabolic constants were

not different. Comparing the ¢ values, through tne use of a t-test,
confirmed this conclusion (P>0.05). Assimilation bzsed on T(w)=uttl;
where T(w) = turnover function, w = percent increase 1n wet weight, and
c = metabolic constant (Fry and Arnold, 1982); was initially rapid, but
decreased as the half-life of carbon was approached. In botn
treatments, the half-life of carbon was reached in the shrimp tlssues

before the first doubling of weight (Table 4).

Food Preferences

Shrimp were observed to follow the same behavicral petterns
recardless of the time of day. Unce released from the PVC holaing
chamber, the shrimp requirec approxzlmately 5 mlnutes t¢ acclimate to

1 . ‘ : ' ; - Fou - —~ m = o ) IR
the petri dish. Turning tue rec 1ight oif and on several ftilmes curlng

o

night trials resulted in no visible affects on tie Seohavior cf tne

- s HEER S "1--..--:-1 ..--.-'-_-1
starfled Lhe sturinip dba

Iy

animals, whereas switching to daylight bulb

L
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i
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4
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=
o
-
s
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invoked rvapid swimming. Un tne sasis of
previous studies imdicatling the 1nablillly Of crustlceals to readyily

L 1 -y

percelve red wavelengths reviewed by Waternan, 1¥9
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that the red light was probably not detected by the postlarval shrimp
and was adequate for simulating night cendlblons,

The number of individuals observed on each substrate 1s given 1n

I

Talble 5. . _ svenszs For food »r substrate dic not d1fier

/

siznificantly in time between the 5 minute intervals in either the cay

n
i —

or night trials (X2=16.67, d.f.=12, P>0.10 for cay; X =10.2C,

¢.f.=12, P>0.50 for night). Furthermore, poollng the values over the

L ]

30 minutes resulted in no significant cifferences in preference oe

Y

ween
day and night trials (Table 6). However, preferences for the various
foods were found to be significant (Table 6). Although preferences for

pads containing Skeletonema and epiphytes together Or eplphytes alone

wvere not different, selection for both of these Creatment

&3
Y
iy
(=
L
(T
]
ry
(L
L

than for Skeletonema alone (Gabriel’s Simultaneous lest Prccedure, X

=0.05). There was no interaction between time of day anc trealtment
(Table 6). The combined results indicated that the postlarvae were not
selecting for substrates strictly on the basis of their ability tc¢

cromote growth or be assimilated.

DISCUSSICH
This study demonstrated that plant food scurces which promctec
crowth and were more easily assimllated were uol necessarily the

e

breferred items in the diet of pestlarval 2. cztecus. rowita 1o

aztecus was similar to that Lound previously (Chapter 2, with ths

createst changes 1n welght occurcing oil 4 diat of Sxaletonema aloue OF
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a combination of all experimental plants. As expected, the plant
materials were differentially assimilated, with the most rapid carbon

rurnover in the tissues of shrimp fed Skeletonema alone or a mixture of

211l foads. The relctionship between welght increases and assimilation
rates in these treatments demonstrated the uvtility of delta C-13
analysis for determining the benefits, to growth, o: potentiral food

sources. The ability of P. aztecus to readilly assimllate Skeletonens

supported the hypothesis that diatoms represent an important food
source for developing shrimp (Chapter 2). Feeding preferences did not
correlate well with either growth or assimilation indicating that thae
postlarvze may have a primary preference for substrate wihich 1s not
directly coupled with plant food value. This behavior may Se related
to factors involved in switching from a planktonic to a benthic
exlstence.

In a previous assimilation study, conductec by Iry and Arnolc

=

(1682), where brown shrimp were fed animal diets, it was suggestec that

turnover in postlarval P. aztecus was more 2 function Of InCTeases n

weight than metabolic malntenance. Although the jrowth rates 1n toe

present experiments, for shrimp fed Skeletgonema Cr a ccmbination cof all

foods, were cererally lower than irn this previocus study, the metabolic
constants and half-lives of carlen were simllar in the two
investigaticus. Tuesc COTPATLSGLS indicated that plants way DCoLCYe

important than animal constituents for metabolic molntenance and

suggested that postlarvae may need both componenis o0 conp letely
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fulfill their dietary requirements. Carbon turnover 1n the present

study occurred in treatments where the gréatest lncreases in shrimp

body weight were recorded (i.e., Skeletonema and all fcods 10

combination), This supported the hypotheceis introduced by Fry and

Arnold (1982), that turnover rates in postlarval P. aztecus are

positively correlated with growth rates.

Although shrimp reared on eplphytes of Spartina showed growith, tne

delta C-13 values for these individuals did not change significently
over the 16 day experiment. This result was explained 1n several ways.
First, casual observations of nocst larval feeding behavior indicated
that food sclection tock place at the moutiparts. Food preferences

occurring at this stage were not detectable by tioe design of the

preference experiments. Therefore, since epirhytes of Spartineg

represented a mixture of many species of diatoms, Hhlue—-green algae, and
green algae; 1t was possible that the delta C-13 values were the result
of the shrimp preferentially feeding on singile specles or combinations
- " 1 i - 13 . - = Y -: T 1 - = -
which were more depleted in ~~C relative Lo the entire algal compleX.
Another possible explanation was that all of the alvae of the epipnyte

complex were ccnsumed by P. aztecus, out all ¢f then were ot

assimilable. Thus, the results obtasined 1m this stucy were sossible 1f

o
the shrimp were only capable of assimllating tucse alcal compenents
with a net delta C-12 vzlue more unegative than the overall eprphyio

value. Finally, if the algae ceonstitutlag Che eplpiiyle assenblage were

o
r_._ ol
)

not strongzly connected with malatencnce wmetabolisn, 1t was DOsS5L



that the increases in welght obtained over the 16 days were not great
, o g, R
enouch to result 1n an observable affect on tine LJCXL‘*C ratio.

There was no evidence of preferential feeding on Skeletonema

- -. -y . --1'Il "o ' 1 AL - -, -1“-..-2_.,-..“ » 1‘.—- - —H---q-u.-“ ) - v
making it difficuis to understand why tnhe aesinitlatinr curves were

nearly identical for shrimp fed fkeletonema alone or all foods 1in

combination. It was pcssible that in the combinations treatments the
post larvae were feedlng on an assortment of foods which resulted 1n

delta C-13 values resembling Skeletonema aleone. Although 1ndivicually

certzin food sources were not assimilated, thelr imcorporation 1nto the
body tissues may have been enhanced when consumec in cenjunctlon wilth

cther plants. Many combinations could have pilmicked S

For example, consumption of 50% Isochrysis and 50% detritus would have

resulted in a delta C-13 valiue of -17.5 ®/co, given that both materials
were assimilated ecually. However, because previcus Jrowtnh eRperiIments
indicated no a2dditive or synergistic effects for shrimp reared on
combinaticns of these plants (Chapter 2), tals was an unlikely

conc lusion. A more vlausible explanation was that the postlarvae
rossessed an assimilation threshold, a soint at which IZurther
ccnsumption of a usable food scurce rasulted in 1ts cassags toarough tng

sult as waste. In Creatments containing all foods, i the ShT 1L

preferentially settled on epiphytes ol Sporting =ud bezan fceding,

-

* r L} + - T []
" - 4= - - - r a ¥ . ot - .= f . - - -\ m - w1 W -k .L A ik T 1 - R !-} __. 1
Lnadvertent ].}' Skhke lotonernns wou Lld S4AVve ool Coldolauvnu. AR RN AT G B U SO0 R S
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PrﬂdlCLb that L::I'!.C-'Llii,h skheletonena was Cconsuned Lo oo LA sD meel Lild
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minimum assimilaticn reguirement. BDasced on his conclusion, 1t the



condition within the salt marsh is such that the rate at which the
shrimp encounter quality fcods 1s rarely predictable, then 1t 1s likely

that P. aztecus has compensated by developlng a high assimilatlon

etficiency and low assimilazzion threstold for nebritionally valuarle
rescurces. Future experiments should test this threshold model and 1its
relation to postlarval feeding behavior.

The use of delta C-13 aralysis to follew the flow of carbon from
producer Lo consumer provides an added dimension to the study of

= _ _ :

forazing and food resource utilization. This tichnique, unlike analysts
of gut contents, provides a more accurate indication of the diet over
the long term and.é direct measure of the ability of the animal to
utilize materials consumed. In cases where ingestlon and excretlon are
difficult to monitor, delta C-13 analysis represents an alternate
method of measuring food assimilability. This technigue 1s especially
useful in controlled laboratory and field situations where tie possitle
diet combinatians.can be readily identified. However, caution rust ke
sdvised when evaluating carbom isctope data. Ib 1s renerally cccepted

that 12¢ is preferentially released durlng resplralbili resclting 1n a

F 7

15 { ' : " ~ = -~ ~ 1 o l::'.rf : ' “ﬂr'}d. o tldl‘f.‘
150 crrichment in animal tissue of approximately l7/cc comparec L

- - - - } ._ L S , x 1'.'-""'" - {"‘ - 1.:'!. CI .« =
diet (Haines and Montague, 1979; lMcConnaughey and 4Lﬁo},_1179a, 19790,

- 107 ™
Petelle et al., 1979; Boutton et al., 15835 Rau et cl., 1963, The

y 1
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interpretation of the data in this study, it could result in 1mproper
evaluations in laboratory or ficld experiments where all ol the fooa

sources have very similar delta C-13 values.

m

The arowth and assimilation rates Gisplayed Ly the 3uoimp were 0ot

significently different among treatments containing Skeletonema alone

or Skeletonema in combination with any of the other plant sources.

This result was expected if the shrimp were preferentially feeding on

Skeletonema in treatments contalining this diatom in assoclation Wwlth

one or more of the other plant sources. Preterences, however, dic not
correspond with elther growth or sssimilation indicating that food
selection may not be based solely on apparent nutritional aspects.
This result is in agreement with past stucdies which found no

relationship when comparing caloric content (Paine and Vacas, 196V

LE =

Carefoot, 1973; Vadas, 1977; Nicotri, 1¢80; Jensen, 1983) and growih
(Nicotri, 198GC) to preferences. Due teo 1its darxer color and more three

dimernsional surface, substrates contalning eplphytes of Sparting may re

more attractive as a refuge from predators then those consisting conly

of Skeletonema. Additionmally, epiphytes of Spartina harbor meiofaunali

components (Capter 2) which may be important im the diel ©

"o
'Ll"]

—~ T
- e A W A N NI

Fi

(R.J. Zimmerman, pers. com.). Therefore, thnese factors, alcng with
palatability, handling times, and micronutrient regulrements, way have
a higher priority for the surv ivorship of the pesclarvaes Laan

sreference for nutritionally valuable plant focds,

Predaticn by fishies Ls an wmporiant source of mortality Ior Z.
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aztecus inhabiting Spartina salt marshes (reviewed by tinello and

Zimmerman, 1983). This may be especially true for postlarval shrimp
which enter the marsh at only 10-12 mm (rostrum—telson). Selection for
substrate which provides cover mav initially be morve important Lo thc
survival of these animals than nutritional consideratiens. Studles on
crayfish indicate gravitation tcward that substrate which affords the
most protectlon when a predator 15 present (Stein and Magnuson, 1976;
Stein, 1977). Changes 1n foraging patterns, suclhl as switching to feed
in areas of lower food quality or reducing food ccnsumption may aleo
occur in the presence of predators (Steim and lagnuson, 1976; Sih,
1962 ; Edwards, 1933). For penceid shrimp inhabiting salt marshes,
wvhere many predators rely on visual cues (Minellc and Zimmerman, L983),
immediate preference for substrates c¢r complex structures which provice

protection, such as Sparting stems, may be. a selectec behavior for

increased survivorship. Therefore, active foraging begins only after
suitable cover is located. This conclusion is supgorted by Giles and

Zamora (1973) who noted that juvenile P. aztecus exhibits a stron

i

preference for vegetation even in the absence of predators.

Spartina stems not only decrezse the efficiency of certzain f1si

predators, such as pinfish (Logodon rhomboides) and atlantic croaker

(Micropogonias undulatus), on P. aztecus (Minello zna Zinmerman, 19037,

o -] cmoom S ~ - LY ...'r ]'.-."*-' . ul,-ﬂl"-. Ty on ~ f- .1r"-.qr'1.q- 1.'!
DUt L]_Jlr‘ﬂ”t“‘ cn btllese stens alse contarn ign Joelsi1ines ¢l animais

which may be important in shrimp nutrition (Chapter 2).  QRecornt

-

xperiments indicated that postlarval P. aztecus veadily consuumes




meiofauna associated with epipiytes (Chapter 2; R.J. Zimmerwan, pers.
comm.). Therefore, the results of the present study may have actually
represented preferences which provide the greatest access Lo importart
dictary sources in the natural habirot. Future
experiments, which include both plant énd animal components,
investigating changes in foraging patterns anc otner beliaviocr 1n
response tc various levels of predation intensity are needed to clarify

the relationship between substrate preferences and focc crelerences.
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TABLE 1

Growth after 16 days of postlarval Penaeus aztecus reared on plant
diers. Ho iudividuals in the Iscchrysis or no fooc frealments

the full term. Values represent means with one standard error oi Ll
mean in parentheses. Croups with the same letter were not
significantly different (Duncan’s multiple ronge test). The
combination treatment included all food types.

——ﬂ_—_—H_—_——ﬁ—-—l——ﬂﬂ_l_—_——-t-l_——_—-__—_ﬂ-—-——-—-l_——lﬁ.—l—-ﬂﬂ_———#_——ﬂ-_—_____—ﬂ

Number of Change 1m Growth Dute Siznlricance
Treatuwent Individuals Weizht {(mg) my/day X =0 .05 )
Comblnation 10 6.1 (0.8) 0.4 (C.05) A
Skeletonema 3 L .8 (6.3 0.3 (£.02) A
Epiphytes 7 1.7 (0.2) 6.1 (G.C2) B
Detritus 12 -0.7 (0.2) C.0 C

_—————#——_H*————ﬂ—ﬁl—_————_—.—_—_--[_——_-pﬁqﬂ—q—hﬂi—_——-——-—-ﬂ#ﬂ-——r———-—-—-_—-—ﬁ*-—#————ﬂﬂ
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TABLE 2

Delta C-13 values for plant materials fed to shrimp. Plant sampiles
were taken initially and every & days during the course of the
experiment. The values were nct signiilcant ly different within plant
materials over the 16 days (One-way AXOVA, P>0.05 for all materials).
Values reprccent wmeans of indeperdent samples with one standard error

of the mean in parentheses. Groups with the sawe leller Weis not
significantly different (Duncan’s multiple range test).
Flant Celrta C=13 Signiflicance
Material M Value (°/co) (X =0.C5)

Spartina detritus 24 -15.0 (0.1 A
Spartina eplphytes 24 -18.3 (0.2) B
keletonema costatum 17 ~18.3 (0.2) R
Lsochrysls sp. 15 -20.0 (C.2) C

”———_#——#"——Hw_—-ﬁ--ﬂ-——-ﬁ———-—-ﬂ--—-—l——-————l—lﬂd—l——-—t—l_—-_---l'-l—'q-l-——--—lr—l-l-—-#——#_—_H—__*--——
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TABLE 3

Patterns of L3¢/12¢ raties in post larval Penacus aztecus reagred on
plant diets. Delta C-13 results are compared with the initial shriwp
value and the aprropriate plant value. All delta C-13 values represent
means with ome standard error of the mean in parentheses. Sample size
for initial values ig tased on i0 animals, lu all owued Cases Ni=4
srnimals/treztment/sampling period. Statistical analyses tested for
differences between initial and final delta C-13 values (Mann-Whitney
U-test). See Figure 5 for assimilation rates as a functicn of change
in body weight. HN.S.=devotes nonsignificant cifferences (P>0.05).

“#-——ﬂ-“—#_———_-ﬂ_“-——-—_““———-i---—-—--l-hlll_———iﬂd_--—-—*—-—l#“——#q——ﬁ—-——F-—l——-—_—#“--ﬂ—_*

Delta C-13 ~ Present %EC ljg anlmel

Treatment Day (®/co) Sicnificance -Initial L3¢ -13¢ food
Initial C ~-19.2 (0.1}  —————=omr mme-— T
Combination 4 -18.9 (0.3) .3 @ —e———
& -18.1 (G.3) 1.1 e

17 -17.5 (0.2) 1.7 e

16 -=-17.1 (0.1) P<<0.01 2.1 meee

Skeletonema & ~-18.6 (G.6) 0.6 -C.3
-18.1 (0.2) 1.1 +0.2

12 ~17.5 (0.2) 1.7 +0.8

16 -17.2 (0.2) F<<(Q.01 2.1 +1.1

Epiphytes & -19.1 (0.2) 0.1 -0.8
O ~19.4 (0.1 -0.2 -1.1

12 ~-18.8 (0.2 C.h -0.5

16 -15.8 {(0.3) 1.5 C.% -G.5

Detritus 4 ~-185.6 ((C.6) C.6 -3.6
o ~19.3 (0.4) -(.1 -4 .3

12 ~-19.1 (C.1) 0.1 -4 .1

16  =18.9 (0.3) N.S G.2 -3.9

Isochrysis 4 =19.3 (0.1) -0.1 +0 .7
Y ~-15.9 (0.2 3 +1.1

12 -19.1 (C.2) 11,5 0.1 =00, Y

16 e - —_—

Ho Tood 14 -19.2 (0.2) .0 —
Y ~-19.4 (0. -0 .0 -————

12 ~-19.4 (C.2) MeS iV -

16 W e - ———

ﬂ——_——_———*-ﬁ————-ﬁﬂi—-—--lp-—u-.——-——-d-l---—-—ﬂm——-—d-ﬁ_——l—u—-qﬂ_—##d——ﬂ—ﬂnw——-——--H*_—H#_H————ﬂmﬂ



TABLE &
Metabolic constants and half-lives of carbon fcr shrimp in trcatneacts
where asssimilation occurred. The more negative the metabclic

constant, the more rapid the rate ot assimilation. The metabolic
constants were not significantly different {(t-test, P>0.05). 1Initial

weight = 100%

ﬂ——“_——_“ﬂ“__-n#——_-—l_——hh#-——r—l-——_u_—_‘ﬂ_—-lﬂ---—l———-—H_—-—_--.-l——im—#__*__-#_——_—_

Metabolic 957% C.L. % Initial Weight at
Treatment Constant (c) for c Ealf-1ife of Carbon
Combination -2.29 -1.55, -3.27 171
Skeletonems -2 .03 -2.11, =-3.26 153

"_—#_—#_-—*#_—H-l_—“-l-——-—-.-lq.lﬂ—--I_-_-i--lu_-_-F—-—-———pﬁ———-_————_———q—rﬂ——--—_#————‘——#_#_—
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TABLE 5

Number of animals found on each food source &t 5 observation perlods.
Values at each time interval represent means of 10 independent
replicates (7 animals/replicate), with one standarc exror of the mean
in parentheses. Preferences did not vary with time over the 30 minute
period during day or night trials (G-test of zoodress-of-fit: P>0.10
for day, P>0.50 for night).

——“m——##—t-l--h————-r-—_---—l-l-.——-r—r-——-—l-l-—-————-——--l——*_-——-—l-#_——-_--—-lﬂ-—-l———--—ln—-ﬁ_——ﬁﬁ———##———

Treatments
Tinie Elapsed Epiphytes Skeletcnems Skeletonemz  Off Tood
(minutes) Alone + Epiphytes aAjone Substrates

e e i S S wmnl kb S R R e e sl G W - h—*-—rl--—ﬁ-h-——---i-l#“____q--———#_ e ey Felal S el - —-lll-—l.hi———ﬂ-hl-_-.—.-l-———q-——-—-—ii-l_—_

10 2.3 (0.4) 2.5 (0.4) 1.2 (0.4) 1.0 (C.3)
15 2.4 (0.3) 2.5 (0.4) 1.0 (Q.3) 1.1 (0.2}
20 2.7 (C.4) 2.6 (0.2) 0.7 (0.2) 1.0 (0.3)
25 2.2 (0.5) 2.0 (0.5) 0.4 (G.2) 1.7 (0.3)
30 7.8 (0.4) 2.3 (0.3) 0.2 (¢.1) 1.7 (G.2)
TG O LALS
10 2.6 (C0.4) 2.1 (G.3) 1.G (0.3 1.3 {C.4)
15 3.1 (C.5) 2.2 (0.4) 0.5 (0.2) 0.6 (C.2)
20 2.6 (0.4) 2.6 (0.5) .6 (C.2) 1.6 (G.3)
25 3.2 (0.4) 2.4 (0.3) 0.4 (0.2) 1.C (C.4)
>C 3.2 (0.3) 2.5 (0.3 6.3 (0.2) 1.0 (0.3)
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TABLE 6

A. LNumber of animals found on each food source during day and night
observations. Values represent means of 10 independent replicates (7
animals/replicate), observed 5 times. The O cbservations were summed
resulting in one data point per replicate for each treatment. A
posteriori compariscns by Cabriel’s sum of squares sim ltaneous test
procedure indicated that selection for epiphytes atone and Skeletonems

and epiphytes together was significantly greater then for Skeletonema
alone or off food substrates ((=0.05).

——_—_——_——__—_-i_h——__*.--_—-—_._.—-l-————_——“-__-—__-1#————nl-—l-—-l--—---_—-———#——“—-—#___—_

T1ime Mumber of

Replicates Treatments
Epiphytes Skeletonema Skeletonema Off Food
Alone + Epiphytes Alcne Substrates
Day 10 13.1 (1.2) 11.9 (1.2) 3.5 (1.,2) 5.5 (G0.5)
iight 10 14.7 (1.1 12.6 (0.9) 2.8 (0.5) 4.9 (0.9)
Overall 20 13.9 (0.8) 12.3 (0.7) 3.2 (0.6) 5.7 0.5)

——-—-ﬁ_---.-l-—————-u----u--u-—.-q--—h-u.n—-—————-—u--u-lr——_———-——-—ﬂﬂl———-ﬂ———‘ﬂl—-———— i S AL B e D A NN WS Gl NN SN W e el S mm— el S —

B. Two-way ANOVA. Time of preference experiments versus substrate
type. N.S.=demnotes momnsignificant differences (P>0.C5).

—#ﬂ—_—m*——-————ll-i-—i-—-lll-—l---l-_—————-ﬁﬂﬂ_———__*_———#-——-——-'-——lﬂi———-ﬂﬂ—_——_———_*———*u_

d.f 5SS M5 F-value Significance
Substrate 3 1586 .7 529.57 ;.07 P<<(.C1
T ime 1 (.09 (.0% 0.01 N.S.
Substrate
X Time 3 30.5 10.17 1.10 N.S.
Errox 72 667 .8 9.28
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Figure 1: CuU, gas purificacion line. Prior to beinsg admitted to the
mass spectrometer, (0, £2as was releasgd into the vacuum line and
purified by the following process:

1) Gas was collected in the first cold trap with liquid nitrogen.
After 2 minutes the non—condensible gases were pumped away and the
liquid nitrogen was replaced by an isopropynol-dry ice slush.

7) While water remained condensed in the first cold trap, the
carbon dioxide gas was allowed to pass for 1.5 minutes into the loop
containing copper coils heated to 230° C. This section of the line
reduced nitrogen znd sulfur oxides.

3) The carbon dioxide was collected in the final cold trap with
liquid nitrogen. After 2 minutes, non—-condensible gases were again
pumiped away and the nitrogen was replaced by the isopropynol-dry 1ice
slush.

4) Using liquid nitrogen, the purified carbon digxlde was
condensed into the collection tube for 2 minutes. After Z minutes thiis
tube was sealed with a stopcock in order that 1sotcpe measurements

could be made at a later time. All gases were extracted and analyzed

within the same 24 k perilod.
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Figure 2: Orientation of filter pads 1n petrl cishes during shrimp

-~feeding preference experiments. Lach disn represented one renlicate,
Cut of 10 replicates each arrangenent (4,0, and C), was used 3 times
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Figure 3: Changes in weight (day x - initial) for postlarval Penaeus

aztecus reared 16 days on plant diets. In all cases, except at 16

days, vzlues represent means of 6 indivicuals. At 16 days n=10 for

combination, for Skeletonema, 7 for epiphvtes, and 12 for cetritus.

Vortical bars dencote one standard error c¢f the mean.
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Ficure 4: Changes 1n delta C-13 as a function of time for postlarval

'y

Penacus aztecus fed planc diets. All dats polnts, except 1n the

initial san

e

ple (n=10), represent means of 4 znimals. Vertical bars
around the initial value represent one standard error oL Uae mean.

standard errors of all other values refer to Tacle 2
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Ficure 5: Chanzces in delta C-13 as a function of weight for postlarval

Penzeus aztecus fed plant diets. Power curves of the form y=a+bx®,

where c=metabolic constant, were fitted to the data (see text for
details). The more nezative the value of ¢ the more rapid the carcon
turnover in the tlissues. The metabolic censtants were noL

sicnificantly different {(t-test, P>C.05).
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